[1] We present a methodology for using the modular Tsyganenko storm magnetic field model (TS04) as a tool to investigate the response of magnetospheric currents to solar wind dynamic pressure enhancements during magnetic storms. We demonstrate the technique by examining the contribution of each model current to the observed dawn-dusk asymmetric ground H perturbation during a peak storm main phase event. We add present pressure terms to the parameterizations of several individual model currents and fit them to the observed low-latitude and midlatitude H perturbations. We find that the asymmetric H perturbation for this case is primarily due to a net field-aligned current (FAC) system, with upward FACs peaking in the evening and downward FACs peaking in the morning, and the equatorial portion of the partial ring current (PRC). This net FAC system includes the region 1 and region 2 FACs and the closure FAC of the PRC, with the largest contribution from the PRC closure FACs. The model results show that in this main phase case, the PRC played a more important role in causing the dawn-dusk asymmetric H perturbation than did the other currents owing to its strength and asymmetry. The model results do not show significant contributions from the symmetric ring current and tail current, but the magnetopause current gives a significant positive perturbation at all MLTs. In the companion paper, our methodology is applied to obtain a more complete picture of the storm time current response to pressure enhancements by examining pressure increases occurring during different storm phases.
Introduction
[2] It is well known that solar wind dynamic pressure enhancements have significant effects on global magnetospheric and ionospheric current systems, e.g., the ChapmanFerraro (CF), region 1 (R1), cross-tail current, and the auroral electrojets [Patel, 1968; Sugiura et al., 1968; Kaufmann and Konradi, 1969; Araki, 1977 Araki, , 1994 Russell et al., 1994a Russell et al., , 1994b Zesta et al., 2000] . Some authors also investigated the relationship between solar wind dynamic pressure enhancements and Dst index variations [McPherron and O'Brien, 2001; Wang et al., 2003] , suggesting that solar wind dynamic pressure enhancements may affect the ring current as well.
[3] The various magnetospheric currents produce different ground H perturbations as a response to solar wind dynamic pressure enhancements, and it is our goal to evaluate the contribution of the different currents to the ground magnetic response at low latitudes and midlatitudes. Recently, by examining the nearly instantaneous response of low-latitude and midlatitude ground H component to solar wind dynamic pressure enhancements during several magnetic storms, Shi et al. [2005] found that there exits a clear dawn-dusk asymmetric H perturbation, characterized by negative H perturbation in the dusk sector extending through noon to late morning and positive H perturbation in the remaining region including the dawn sector. This phenomenon was further revealed and confirmed by Shi et al. [2006] by statistically examining the ground H perturbation during 186 pressure enhancements. Shi et al. [2005 Shi et al. [ , 2006 found that the dawn-dusk asymmetry generally occurs for pressure enhancements occurring after the interplanetary magnetic field (IMF) B z has been southward for a while, implying an already developed partial ring current (PRC) before the onset, which they refer to as preexisting PRC. Shi et al. [2005 Shi et al. [ , 2006 also found that the stronger the southward IMF B z is, the stronger the asymmetry is, especially when pressure enhancements occur during storm times. However, for northward IMF B z , there is generally no such asymmetric H perturbation. Shi et al. [2005 Shi et al. [ , 2006 interpreted this phenomenon in terms of a balance of responses from nearly instantaneous intensification of the preexisting PRC and the CF by pressure enhancements, the PRC producing negative H perturbations on the dusk side and the CF causing positive H perturbation on both sides. Shi et al. [2005 Shi et al. [ , 2006 suggested that the PRC contribution dominates for southward IMF, while the CF contribution dominates for northward IMF.
[4] Ground magnetometers, however, observe the combined contribution from all the current systems flowing above and near them. Shi et al. [2005 Shi et al. [ , 2006 chose lowlatitude stations for their study in order to minimize the effects of FACs. Still, it is impossible to completely rule out the potential contribution from FACs, and, in addition, the quantitative contribution from each current under different disturbed conditions is worthy of investigation. In the present paper, we present an approach for quantitatively evaluating the contribution of the different current systems to the low-latitude and midlatitude ground magnetic response to solar wind dynamic pressure enhancements. We demonstrate the use of this technique by applying it to a pressure enhancement during the peak main phase of the 25 September 1998 storm.
[5] Since we only consider the response at low latitudes and midlatitudes, where the effects of the high-latitude ionospheric currents are negligible, we evaluate only the contributions from magnetospheric current systems and do not include ionospheric currents. To quantitatively evaluate the relative contribution of different currents, we need a realistic model of magnetospheric currents with a modular structure that can be used to represent the contribution from each magnetospheric current, and which can be parameterized by solar wind and IMF conditions. The Tsyganenko storm magnetic field model (TS04) [Tsyganenko and Sitnov, 2005 ] is such a model that includes realistic configurations for the CF, tail, symmetric ring current (SRC), PRC, R1 and region 2 (R2) FACs. From the model, the contribution to the ground magnetic field from each current system can be calculated. The model is parameterized by solar wind number density, velocity, IMF B z , and the Dst index. The parameters associated with the solar wind/IMF driving Figure 1a . Stack plots of solar wind and IMF data of the 25 September 1998 storm from the WIND spacecraft and three geomagnetic indices, SYM-H, ASY-H, and ASY-D (reproduced from Shi et al. [2005] ). The vertical lines show the onset of the two-step pressure enhancement.
functions were determined by fitting to magnetospheric magnetic field observations taken during 37 major magnetic storm (with Dst < À65 nT) in 1996-2000 and concurrent solar wind and IMF observations. While the majority of data used in the fitting were taken at geosynchronous and beyond, the TS04 model can calculate the magnetic field everywhere inside the Earth's magnetosphere including on the ground [Tsyganenko and Sitnov, 2005] . These features make the TS04 model very suitable for our problem. In this study, we use the modular TS04 model as a tool to investigate the magnetospheric current response to dynamic pressure enhancements during storms through quantitatively estimating the relative contribution of each current to the ground field perturbations and comparing the model results with the observations.
[6] As will be discussed in section 2, the original TS04 model is not fully appropriate for our purpose, because it does not include the present pressure when parameterizing the SRC, PRC, and R1 and R2 FACs. We thus add terms associated with present pressure to the parameterization schemes of the SRC, PRC, R1 and R2 FACs and include a coefficient to the field of the CF current, which was set to be 1.0 in the original TS04 model [Tsyganenko and Sitnov, 2005] . We evaluate the contribution of the different currents to dynamic pressure enhancements by fitting the above free parameters involving present pressure and those associated with the present pressure terms for the tail current in the original TS04 to the ground H perturbation during the interval of the pressure enhancements. Section 3 shows the modeling and observational results for a large pressure enhancement occurring during the peak of the 25 September 1998 storm main phase. Discussion and conclusion are given in section 4 and section 5, respectively. Application of this methodology to obtain a more comprehensive picture of the current response to dynamic pressure enhancements using cases during different phases of magnetic storms is presented in a companion paper [Shi et al., 2008] (hereinafter referred to as paper 2).
2. Methodology 2.1. Limitation of the Original TS04 Model for Our Problem
[7] Figure 1a shows the solar wind and IMF data of the 25 September 1998 storm from the WIND spacecraft and three geomagnetic indices, SYM-H, ASY-H and ASY-D. The two vertical lines at $0558 UT and $0624 UT indicate the time delayed onsets of the two-step pressure enhancement event. The IMF B z was strongly southward at $À13 nT during and for several hours before the pressure enhancement. From the SYM-H panel, we can see that the pressure enhancement occurred at the peak main phase of this major storm with minimum SYM-H $À200 nT. The large and abrupt increase of the ASY-H index at the onset of the pressure enhancement indicates strong asymmetric H perturbations of the ground H component at midlatitude.
[8] Figure 1b shows all available low-latitude and midlatitude ground H perturbations in an MLT-MLAT polar map. Note that the H or east-west component (D) perturbation, DH (DD), in this paper has the same definition as given by Shi et al. [2005 Shi et al. [ , 2006 , i.e., the signed difference between the peak value of H (or D) when pressure is high and the H (or D) value at the onset. The color bar indicates the absolute value of the H perturbation. The poleward pointing triangles represent positive H perturbation at those stations and the equatorward pointing ones represent negative H perturbation at those stations. For this case, there was negative H perturbation from dusk through noon to late morning and positive H perturbation in the remaining sector including dawn. This is a clear dawn-dusk asymmetric H perturbation. The strong positive H perturbations around midnight were due to a substorm current wedge forming at that time.
[9] Figures 2a and 2b show the H perturbation from the original TS04 model and the ground observations at lowlatitude and midlatitude stations, respectively, selected to give good longitudinal coverage. We use the solar wind data propagated to 17 R E in front of the Earth using the Weimer technique [Weimer et al., 2003] as input for all the modeling in this paper. To the left of the panels are the station codes, magnetic latitudes (MLAT) and magnetic local times (MLT) of the stations. The MLT of each station corresponds to the onset of the pressure enhancement indicated by the first vertical line in Figure 1a reproduce such a response, and in fact shows almost no response to the pressure enhancement whatsoever.
[10] Figures 2c and 2d show the model contributions of the different magnetospheric currents at the location of stations HON (MLAT = 21.15°, MLT = 1922) and GUI (MLAT = 14.56°, MLT = 0603), respectively. From top to bottom are the contribution from R2, R1, PRC, SRC, Tail and CF currents and the total H perturbation from the original TS04 model. The two vertical lines correspond to the onsets of the pressure enhancement shown in Figure 1a . The red lines are the model results and the blue line is the observed total H perturbation. It can be seen that only the CF and tail currents have responses to the instantaneous pressure changes that approximately cancel each other, and all the other currents do not respond.
[11] Equation (1) is the parameterization scheme of the original TS04 model. It takes into account the effect of the prehistory of solar wind and IMF conditions for all currents and the present pressure effect only for the CF and tail currents. The W's are the combination of solar wind velocity, number density and southward IMF B z integrated from the beginning of a storm to the present moment, which represents the effect of the prehistory of solar wind and IMF conditions. Note that all W terms have the same
, implying a linear response for weak external driving, but a gradual saturation during strongly disturbed periods when W exceeds its threshold level W c . For the detailed description of each term, please see Tsyganenko and Sitnov [2005] .
[12] The B CF term is scaled to present pressure by B CF = (P d /P d0 ) 3 KB CF , in whichB CF is an analytical solution of the field of the CF current and k is a free parameter determined by fitting to space magnetic field observations [Tsyganenko, 2002a] . Solar wind dynamic pressure P d is normalized by its average quiet time value P d0 = 2 nPa. The two components of the tail current (B T1 and B T2 ) also include terms associated with present pressure, i.e., t 1 (2) (P d /P d0 ) a 1 and t 2 (2) (P d / P d0 ) a 2 . However, there are no terms based on present pressure included in the SRC, PRC, R1 and R2 currents. Thus the CF and tail currents respond to the instantaneous pressure changes but the others do not, so that the original TS04 model cannot reproduce the observed asymmetric H perturbation.
Modification of the Original TS04 Model
[13] Although it is generally believed that it takes some time for the buildup of the PRC during storms under enhanced convection [Liemohn et al., 2001] , the results of Shi et al. [2005 Shi et al. [ , 2006 indicated that pressure enhancements cause a nearly instantaneous intensification of the preexisting PRC during storm times, which leads to the observed asymmetric H perturbation. The finite time needed for the buildup of the PRC is parameterized by the W term in the coefficient p in equation (1); however, the transient effect of pressure changes is not included in the PRC term. In addition, nearly instantaneous effects of intensification of the R1 FACs were found near local noon by Zesta et al. [2000] in response to a solar wind dynamic pressure enhancement during the 10 January 1997 storm. This is also not included in the above parameterization schemes of the R1 FACs.
[14] The above results and that only the CF and tail currents of the original TS04 model respond to instantaneous pressure changes motivate us to add terms associated with present pressure to the parameterization schemes of the SRC, PRC, R1 and R2 currents. Those new terms have the same forms as the present pressure terms in the coefficients t1 and t2 of the two components of the tail current included in the original TS04. Equation (2) shows the coefficients of the SRC, PRC, R1, and R2 after adding the present pressure terms.
We also include a coefficient A in front of the B CF term in equation (1) as a free parameter. This term was included in the original TS04 model but set to be 1.0. Note that in equation (1), the magnetic fields from each model current already include the corresponding shielding fields [Tsyganenko, 2002a; Tsyganenko and Sitnov, 2005] , so that shielding of each model current is still maintained after adding the above new parameters.
[15] The next step is to determine the free parameters that represent the present pressure effect, which include those added to the SRC, PRC, R1, R2 and CF currents and the parameters associated with the present pressure in the two components of the tail current. We first subtract the quiet time H value from each ground station included in the fitting, and then calculate the H perturbation time series due to compression by subtracting the H (with quiet time subtracted) at the onset of pressure enhancements from the H (with quiet time subtracted) during the interval of the pressure enhancement. This gives the H perturbation during the period of the pressure enhancement, which we treat as being due only to the present pressure variation during this period. Note that this approach neglects the H variation due to the changes of the TS04 model prehistory terms during the interval of the pressure enhancement, but this change is negligibly small as shown in Figures 2a and 2b. We then determine the parameters associated with present pressure mentioned above that give the best fit to the obtained H perturbation. We do this by minimizing the sum of squares of residuals of the H perturbation during the interval of the pressure enhancement using the LevenbergMarquardt algorithm [Marquardt, 1963] . Other parameters not associated with present pressure are kept as given by the original TS04 model [Tsyganenko and Sitnov, 2005] .
Modeling Results for the 25 September 1998 Peak Main Phase Case
[16] We determined the free parameters associated with present pressure by fitting to the H perturbations (with the definition in section 2.2) of 33 low-latitude and midlatitude stations during the pressure enhancement interval from 0600 UT to 0730 UT occurring at the peak main phase of the 25 September 1998 storm. The R 2 of this fitting is 0.75. [17] Figures 3a and 3b show the observed (blue lines) and modeled (red lines) H perturbation at representative low latitudes and midlatitudes, respectively. It is clear that the modified model reproduces the overall pattern of the observed dawn-dusk asymmetric H perturbation. It also nearly reproduces the strong positive bays at stations within the substorm current wedge (i.e., FRN, TUC, DLR, BSL, FRD and PST). There is approximately a 12 min time shift between the model results and the observations at some stations, which is likely in part due to our use of solar wind data propagated to 17 R E .
[18] Figures 4a to 4f quantitatively show, from top to bottom, the contribution of the R2, R1, PRC, SRC, Tail, and CF currents to the total H perturbation and the modeled (red curves) and observed (blue curve) total H perturbation at the locations of 6 stations distributed in local time. Of interest here is the H perturbation during the interval of the pressure enhancement over which we did the fitting, and not the longer-term H changes during the storm interval included in Figure 4 .
[19] Figure 4a shows each current contribution to the total H perturbation at station GUI (MLAT = 14.56°) located at MLT = 0603. The total H perturbation at this MLT is positive. It is clear that the PRC has a significant positive contribution to the total H perturbation. The CF current also has considerable positive contribution. This confirms the role of the CF in producing positive H perturbations on the dawn side as presented in Shi et al. [2005 Shi et al. [ , 2006 , but shows that the PRC also contributes positive H perturbation in this region, which was not considered by Shi et al. [2005 Shi et al. [ , 2006 . We discuss the role of the PRC on the dawn side in section 4. The R1 and R2 FACs have much less but opposite contribution to the total H perturbation (the longer term and oppositely directed trends of the R1 and R2 current contributions are from their diurnal variations). The lack of significant effects from the R1 and R2 FACs at this MLT is consistent with the neglect of the FAC contribution by Shi et al. [2005 Shi et al. [ , 2006 . The tail current has a small negative contribution and the SRC has almost no contribution to the total H perturbation, which is likely due to its symmetry, and its strength being significantly weaker than the asym- metric component (PRC) during a storm main phase [Liemohn et al., 2001; Tsyganenko, 2002b] .
[20] Figure 4b shows the results at station ABG (MLAT = 13.35°) located at MLT = 1135. There is weak negative total H perturbation at this MLT. The PRC has nearly zero contribution to the total H perturbation. However, the R1 FACs have a strong negative contribution that almost overwhelms the positive contribution from the R2 FACs and CF currents. This contradicts the assumption made by Shi et al. [2005 Shi et al. [ , 2006 that the FACs' contribution can be neglected at low latitudes. We will continue to see important contributions from the FACs in the afternoon sector and on the night side. Similar to the dawn side station, the tail current still has some negative contribution and the SRC has almost no response to the pressure enhancement.
[21] Figure 4c shows the situation at station MMB (MLAT = 36.97°) located at MLT = 1537. There is strong negative total H perturbation at this MLT. We can see that the negative contribution is primarily from the PRC and R1, which overwhelms the positive contributions from the R2 and CF. The tail and SRC also play similar roles as at the previous MLTs. [22] Moving to the dusk side (Figure 4d , HON, MLAT = 21.15°, MLT = 1922), we can see that it is primarily the balance of the PRC and CF currents that leads to the total negative H perturbation there, which is consistent with the conclusions of Shi et al. [2005, 2006] for this region. Moving to the region around midnight (Figure 4e , DLR, MLAT = 39.60°, MLT = 2336), we see significant positive contribution from the R1 FACs though the PRC also has considerable contribution. In the postmidnight sector (Figure 4f , PST, MLAT = À37.34°, MLT = 0243), the total positive H perturbation is primarily from the R1, PRC and CF currents.
[23] In summary, our results show that the PRC, R1, R2 and CF are the major contributors to the total H perturbation during this pressure enhancement and that their relative contribution depends strongly on MLT. On the dawn and dusk side, the PRC and CF dominate the other currents. In the remaining regions, the R1 and R2 have stronger contribution especially around local noon and midnight. These two FACs generally have opposite contributions to the total H perturbation, the R1 contribution always being of larger magnitude than the R2 contribution. However, the PRC and CF still have considerable contributions in regions where the R1 and R2 are dominant. The tail current has some negative contribution everywhere and the SRC has almost no contribution to the total H perturbation. We give a detailed discussion on the configuration of the FACs and the role of each current in the following section.
Discussion

Structure of the Model PRC
[24] The model results in section 3 show that contrary to the assumptions of Shi et al. [2005 Shi et al. [ , 2006 , the PRC produces strong positive H perturbation around the dawn side. This can be explained by the structure of the model PRC in the TS04 model. There are two portions of the PRC model. One is the equatorial portion flowing westward near the equatorial plane, which contributes to the negative H perturbation on the dusk side (see Figure 4) . The other is the closure FAC of the PRC, with upward current on the night side and downward current on the dayside (see Figure 5 ) during storm times. It is the closure FAC of the PRC with this configuration that significantly contributes to the modeled positive H perturbation around dawn. This FAC system also contributes negative H perturbation around dusk. We will see in 4.2 how the contribution from the FAC portion of the PRC is integrated into a net FAC system with the R1, R2 FACs.
Net FAC System Inferred From the Modeled and Observational D Perturbation Distributions
[25] The model results in section 3 show significant contribution to the ground H perturbation from the R1 and R2 FACs. However, the FAC system closing the equatorial portion of the model PRC to the ionosphere in the TS04 model also plays an important role in producing the asymmetric H perturbations. Thus, it is worthwhile to infer the configuration of the combination of these three, i.e., the net FAC system.
[26] The magnitude and polarity of the ground D perturbation can be used as an indicator of the strength and direction of FACs [Iyemori, 1990] , namely, positive D perturbations at stations equatorward of the foot points of FACs indicates upward FACs poleward of those stations and negative D perturbation at the stations equatorward of the foot points of FACs indicates downward FACs poleward of those stations. Since we are only considering low-latitude and midlatitude stations, we assume that all FAC map to the ionosphere poleward of the stations. Also, since we only fit the model to the H perturbation during the pressure interval, the D perturbation obtained from the model provides not only an indicator of the net FAC system, but also an independent test for the validity of the model results. Figure 6a shows the modeled total D perturbations for 12 artificial stations at MLAT = 45.0°separated approximately by 2 hours local time from each other. The reason for choosing 45°MLAT is that most of observations are also around this latitude. We qualitatively and schematically indicate with circles in Figure 6a some FAC signatures inferred from the D perturbations (both magnitude and polarity), with thicker circles representing stronger FACs. Note that the FACs inferred are the net FACs because they are inferred from the total D perturbation. We can see that the magnitudes of the D perturbations are not uniformly distributed, since the strength of the net FAC is not uniformly distributed. There are net downward FACs from $0300 to $1600 MLT, which peaks near dawn, and net upward FACs from $1700 to $0200 MLT, with peaks at $2100 MLT.
[27] To test whether the net FAC system inferred from the model are realistic, Figure 6b gives an MLT-MLAT polar plot of the observed D perturbation from all available stations during this event. The color bar indicates the absolute value of the D perturbation, which can be used to qualitatively infer the strength of the net FAC system. Eastward pointing triangles represent positive D perturbation at those stations and westward pointing ones represent negative D perturbation at those stations. We schematically drew some FAC signatures inferred from the distribution of the D perturbation, with thicker circles representing stronger FACs. Note that we found that the distribution of the observed low-latitude and midlatitude H perturbations shown in Figure 1b is qualitatively consistent with the Figure 6b shows there were net downward FACs from $0600 to $1600 MLT peaking at $0600 to $0900 MLT, both of which agrees reasonably with the model results in Figure 6a . There were net upward FACs from $1700 to $0500 MLT except around midnight where there were a substorm current wedge. The net upward FACs peaked from $2000 to $2100 MLT, which also agrees reasonably with the model results. It is clear that the overall net FAC patterns inferred from the model and observation are basically consistent.
[28] Both model and observation consistently show a net FAC system existing during the pressure enhancement with net upward FAC peaking in the evening sector and net downward FAC peaking around dawn or in the early morning sector. On the basis of the model, this is the combined effect of the R1, R2 FACs and the closure FAC of the PRC, the effect of the R1 being always stronger than that of the R2. Owing to the reasonable agreement of the net FAC inferred from the modeled D perturbation with that inferred from the D-perturbation observations, we conclude that the modeled net FAC system is a reasonable representative of the actual FAC perturbation associated with the pressure enhancement. This gives us confidence that the modeled contribution from the net FAC system to the H perturbations is realistic. On the basis of the model results, the response of this net FAC system to the pressure enhancement contributes in part to the negative H perturbation in the region covering the dusk, afternoon and later morning sectors and to the positive H perturbation in the remaining regions. Within the context of this net FAC system, the R1 and R2 FACs have opposite contributions, with the R1 contribution always being larger than that of the R2. This results in the negative H perturbations at noon and the positive H perturbations at midnight as observed. The contribution of positive H perturbation around dawn and negative H perturbation around dusk from the closure FAC of the PRC are both integrated into the contribution of this net FAC system.
[29] The existence of the net FAC system and the locations of the peaks of the upward and downward FACs are basically consistent with the statistical results of Nakano and Iyemori [2003] , who also inferred a net upward current peak in the evening sector and a net downward current peak in the morning sector on the basis of a few years of magnetic field observation from the high-altitude spacecraft DE-1. They attributed the net FAC system to the imbalance of the R1 and R2 FACs with the R1 always stronger than the R2, which is consistent with our model results. The only difference is that our results show that the net FAC system is due to the imbalance of the R1, R2 and the closure FAC of the PRC. However, the TS04 model separates the R2 and the PRC as two different currents, though these two may not be separate current systems in reality.
Relative Contribution of Each Current
[30] Note that we have included the stations within the substorm current wedge in the above fitting of the TS04 model. However, the TS04 model does not actually have a substorm current wedge model included. In order to check the difference of the modeling results between the refitting with the substorm current wedge stations and that without them, we refit the model to the same 27 low-latitude and midlatitude stations as used in the first fitting but exclude those 6 stations within the substorm current wedge. The R 2 of this fitting is 0.79, which is better than the first fitting. We then ran this new version to simulate this event again.
[31] Figures 7a and 7b show the stack plots of the observed and modeled H perturbation at low latitudes and midlatitudes, respectively. As before the red lines represent the model results and blue lines represent the observations. Note that we still include the 6 stations within the substorm current wedge in Figure 7b in order to make a comparison with Figure 3b . The model reproduces the dawn-dusk asymmetric H perturbation as before. However, the model gives poor results for those substorm current wedge stations, especially at station FRN, TUC and DLR, comparing with those in Figure 3b .
[32] Figures 8a to 8f show the contribution of each current at different local times from this new fitting, in the same format as in Figure 4 . We obtain almost the same results from Figures 8a to 8f as from Figure 4 , i.e., the PRC, R1, R2 and CF are the major contributors and their relative contribution depends on local time. The PRC and CF currents have almost the same contribution as the previous fitting (Figure 4 ), but the contribution from the R1 and R2 appears to be weaker everywhere, especially around midnight.
[33] We believe that the reason for this is that since the TS04 model does not have a substorm current wedge included, the fitting with the substorm current wedge stations forces the R1 and R2 FACs to give an additional enhanced contribution in the region of the current wedge, i.e., partly assuming the role of the substorm current wedge. Thus the R1 and R2 FACs are likely overestimated by the fitting that includes the substorm current wedge stations. As a result, the relative contribution of the R1 and R2 in causing the dawn-dusk asymmetric H perturbation during this case may be overestimated in the first fitting (see Figure 4) . In other words, the relative contribution of the PRC and CF currents in leading to the dawn-dusk Figure 7 . The same as Figure 3 , except that it is for the refitting without the substorm current wedge stations included. asymmetric H perturbation for this case might be relatively underestimated in the first fitting (see Figure 4) . This suggests that the role of the PRC and CF currents in causing the dawn-dusk asymmetric H perturbation during this peak main phase case may be somewhat more important than seen from the first fitting.
[34] The local time distribution of the total D perturbation from this new fitting shows the same net FAC pattern as seen in Figure 6a . But, the magnitudes of the D perturbations are relatively smaller than those of the first fitting. This indicates that the net FAC system derived in section 4.2 still plays an important role in producing the negative H perturbations in the region covering the dusk, afternoon and later morning sectors and the positive H perturbation in the remaining regions, and that the net FAC system includes important contributions from the R1, R2 FACs and the closure FAC of the PRC as derived before.
[35] We further examined the role of the PRC and CF currents by doing the following refitting. If we only add terms associated with present pressure to the PRC and CF in equation (1) and not to any of the other currents, we reproduce the dawn-dusk asymmetric H perturbation but have poor results around noon and midnight, especially around midnight. If we only add present pressure related terms to the R1 and R2 FACs but not in the PRC and CF currents, the fitting does not converge. These numerical experiments further convince us that the PRC actually plays a more important role than the R1 and R2 FACs in leading to the dawn-dusk asymmetric H perturbation in this case. This is reasonable because during the peak main phase of storms the PRC is expected to be very strong and it actually dominates the other currents in contributing to the ground magnetic field depression [Liemohn et al., 2001; Tsyganenko, 2002b] . Thus, with the further intensification of this strong preexisting PRC by the dynamic pressure enhancement, it is reasonable for it to contribute more to the total H perturbation than the others for this case. In addition, owing to its asymmetry feature, it is also reasonable for it to play a more important role than the others in causing the dawn-dusk asymmetric H perturbation during this event. Therefore, we believe that the PRC dominates the contribution in causing the dawn-dusk asymmetric H perturbation in this case. We will contrast its role during this event with what happens under different phases of storms in paper 2.
[36] However, the above numerical experiments show that the modeling results around noon, midnight and even in the later evening sector become poor without including the R1 and R2 contribution, which suggests that the response of these currents is also critical to the overall H perturbation pattern. We find even more significant contribution from the R1 and R2 FACs during different phases of storms in paper 2.
[37] In summary, the PRC makes its contribution through two ways. One is by integrating the contribution from its closure FAC into the net FAC system. The other is through its equatorial portion. The PRC is the primary contributor in causing the dawn-dusk asymmetric H perturbation during this case. The R1 and R2 FACs also make important contributions to the net FAC system, and are particularly important near noon and in the late evening to near midnight region. The R1 FACs always have stronger contribution than the R2 FACs, resulting in the negative H perturbation around noon and positive H perturbation around midnight. The CF current plays an indispensable role in the asymmetric H response by adding to the positive H perturbation from the PRC on the dawn side and cancels some of the negative H perturbation from the PRC on the dusk side. The model results do not show significant contribution to the asymmetry from the SRC and tail currents.
Conclusions
[38] In this paper, we have described a technique that takes advantage of the modular Tsyganenko storm time magnetic field model (TS04) [Tsyganenko and Sitnov, 2005] to investigate the response of the different magnetospheric current systems to solar wind dynamic pressure enhancements during magnetic storms. We have also demonstrated the use of this technique by examining the relative contribution of each current to the ground dawn-dusk asymmetric H perturbation observed during a pressure enhancement occurring at the peak main phase of the 25 September 1998 storm. To evaluate the pressure response, it is necessary to modify the original TS04 model by adding terms associated with present pressure to the parameterization schemes of the SRC, PRC, R1 and R2 FACs. The present pressure terms of the modified TS04 model were then fitted to the ground H perturbation during the interval of this peak main phase pressure enhancement. Through the model results and the comparisons with ground observations, a picture of the relative contribution of each current to the ground dawn-dusk asymmetric H perturbation for this case was obtained. It was found that the asymmetry is primarily due to the following:
[39] 1. The net FAC system with the net upward FAC peaking in the evening sector and the net downward FAC peaking in the morning sector, which contributes to the negative H perturbation in the region covering the late morning to dusk sector and positive H perturbation in the remaining region. This net FAC system is the combined effect of the closure FAC of the PRC, and the R1 and R2 FACs, with stronger contribution from the closure FAC of the PRC. Note that this net FAC system should also include some contribution from the substorm wedge current system if there is a substorm onset triggered by a pressure enhancement.
[40] 2. The equatorial portion of the PRC on the dusk side, which contributes to the negative H perturbation there.
[41] 3. The CF current, which adds to the positive H perturbation from the PRC on the dawn side and cancels some of the negative H perturbation from the PRC on the dusk side.
[42] We have found that the imbalance of the R1 and R2 FACs is primarily responsible for the negative H perturbations at noon and the positive H perturbations at midnight owing to the larger contribution from the R1 FACs, the significance of which will be further shown in paper 2. The positive H perturbation around dawn and the negative H perturbation around dusk are primarily from the imbalance of the PRC and CF currents.
[43] The model results indicate that in this case the PRC played a more important role in the dawn-dusk asymmetric H perturbation than did the other currents owing to its asymmetry and strength during the main phase of storms. The model results do not show significant contributions from the SRC and tail currents.
[44] The model results indicate that the conclusion of Shi et al. [2005, 2006] that the asymmetry is primarily due to the balance between the PRC and CF currents is correct to some extent, but is incomplete. We found here that the net FAC current system also makes a significant contribution, and that the contributions from the closure FAC of the PRC, and the R1 and R2 are all important.
[45] The fact that the TS04 model after adding terms associated with present pressure can reproduce the ground response to dynamic pressure enhancements indicates that the pressure enhancement intensifies the preexisting PRC, R1 and R2 FACs nearly instantaneously. This point will be further strengthened in paper 2, in which the current responses to pressure enhancements occurring during different phases of storms are examined. Our results also provide further evidence for the Shi et al. [2005 Shi et al. [ , 2006 proposals that there is a nearly instantaneous intensification of the preexisting PRC by dynamic pressure enhancements and that the preferential condition for the dawn-dusk asymmetric H perturbation is preconditioning from the IMF B z being southward for a while before the onset of the pressure enhancement.
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